We investigated in this study the anti-obesity effect of an extract of Petasites japonicus (a culinary vegetable from Eastern Asia) on a murine adipocyte cell line (3T3-L1) and on diet-induced obesity-prone mice. An ethanol extract of P. japonicus. (PJET) suppressed 3T3-L1 preadipocyte differentiation; however, a hot water extract of P. japonicus (PJHW) exhibited no effect on cell differentiation. PJET significantly attenuated three adipogenetic transcription factors, peroxisome proliferator-activated receptor 2, CCAAT/enhancerbinding protein and sterol regulatory element-binding protein 1C, at the mRNA level and suppressed the gene expression of fatty acid synthetase. An experiment with diet-induced obesity-prone C57BL/6J mice showed that PJET lowered the body weight gain and visceral fat tissue accumulation, and ameliorated the plasma cholesterol concentration. These findings suggest that P. japonicus might be an effective food against obesity.
Obesity is currently a significant risk factor for such diseases as diabetes, cancer, heart disease, and hypertension. 1) Obesity is a condition in which adipocytes accumulate a large amount of fat and became enlarged. It is characterized at the cellular level by an increase in the number and size of adipocytes differentiated from fibroblastic preadipocytes in adipose tissue. Certain food components have been reported to reduce the risk of obesity. Various flavonoids 2, 3) (naringenin, rutin, hesperidin, resveratrol, naringin, and quercetin), conjugated linoleic acid, 4) docosahexaenoic acid, 5) tea catechins, 6, 7) and lupeol 8) have shown an anti-obesity effect in in vitro and in vivo studies. Extracts from the roots of Petasites species (butterbur) have been used to treat headache and asthma in European countries. 9) In Eastern Asia, flower buds of Petasites japonicus, cultivated as a culinary vegetable have been reported to contains various phenolic compounds, 10) but no nutritional or pharmacological studies have been performed on P. japonicus. We examined in the present study the anti-obesity effect of a P. japonicus extract both in vitro, using 3T3-L1 murine preadipocytes, and in diet-induced obesity-prone mice.
Materials and Methods
Plant material and extraction. Flower buds of P. japonicus were collected in Akita prefecture, Japan, in May 2007. Freeze-dried powder of P. japonicus flower buds (200 g) was extracted with ethanol or water (1 liter Â 2) under boiling conditions for 2 h. The ethanol extract (PJET) and water extract (PJHW) gave 32 g and 64 g of a residue, respectively.
Cell culture. 3T3-L1 preadipocytes were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum, 100 U/l of penicillin, and 100 U/l of streptomycin in a humidified atmosphere of 95% air/5% CO 2 at 37 C to confluence. To induce differentiation, the 3T3-L1 cells were stimulated with DMEM containing 0.5 mM 3-isobutyl-1-methylxanthine, 0.25 mM/l of dexamethasone, and 10 mg/ml of insulin (the induction medium) for 2 d. After this induction, the cells were cultured in DMEM with 10 mg/ml of insulin for 2 d (the maturation medium), and in DMEM for another 6 d. The medium was changed each day. Each extract or the control (a vehicle of 20% ethanol to a final concentration of 0.2%) was applied after induction.
Cytotoxicity assay. The cells were grown in 96-well plates to confluency. The medium was replaced with a fresh medium containing the indicated concentration of PJHW, PJET or the vehicle (dimethylsulfoxide at a 0.1% final concentration). After a 24 h incubation, WST-1 (Roche Molecular Biochemicals, Tokyo, Japan) was added to the culture to a final concentration of 10% (vol/vol). Following an additional incubation at 37 C for 60 min, the absorbance was recorded for each well (450 nm; 690 nm reference wave length).
Oil red O staining of the 3T3-L1 adipocytes. The intercellular lipid accumulation was measured by staining with oil red O. 3T3-L1 adipocytes grown in 24-well plates were harvested 8 d after the initiation of differentiation. The cells were washed twice with phosphate-buffered saline (PBS at pH 7.4) and then fixed with 10% formaldehyde for 10 min at room temperature. The lipid droplets were stained with oil red O for 20 min. The staining dye of the cells was extracted with isopropyl alcohol (200 ml/well), and the absorbance measured at 510 nm. The percentage of oil red O-stained dye was calculated relative to the control (Fig. 2) .
Glycerol-3-phoshate dehydrogenase activity. 3T3-L1 adipocytes were harvested 6 d after initiation. The cells were washed twice with PBS, scraped with ice-cold 25 mM Tris/1 mM EDTA at pH 7.5 and sonicated for 20 s (Branson 250 sonifier). After centrifuging at 12,800 g and 4 C for 5 min, the supernatant was collected to measure the glycerol-3-phosphate dehydrogenase (GPDH) activity which was determined according to the procedure of Wise and Green.
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RNA extraction and cDNA synthesis. Confluent cultures of 3T3-L1 cells in 12-well plates were incubated in an induction medium for 2 d, and then a maturation medium for 4 d. Total RNA was isolated with a QuickGene RNA cultured cell kit S (Fujifilm Co.). Template cDNA synthesis was performed with 5 mg of total RNA, using the PrimerScript RT reagent kit (Takara Bio).
Real-time polymerase chain reaction. A Chromo4 fluorescent temperature cycler (Bio-Rad Laboratories) was used to amplify 2.5% of each RT reaction solution in 25 ml of 1 Â SYBR Premix Ex Taq (Takara Bio) containing 0.2 mM of each primer. A sample was incubated in the thermal cycler for initial denaturation at 95 C for 10 s, and then by 40 PCR cycles. Each cycle consisted of 95 C for 5 s and 60 C for 30 s. The oligonucleotide primers used in the experiment are indicated in Table 1 . To confirm the amplification of specific transcripts, melting curve profiles (cooling the sample to 60 C and heating slowly to 95 C with continuous measurement of fluorescence) were produced at the end of each PCR run. The relative expression level of both mRNAs was normalized by the amount of -actin mRNA (forward primer of 5 0 -CATCCGTAAAGACCTCTATGCCAAC-3 0 ; reverse primer of 5 0 -ATGGAGCCACCGATCCACA-3 0 ).
Experiment with diet-induced obesity-prone mice. Twenty-one 6-week-old male C57BL/6J mice (Japan Charles River, Japan) were housed in a temperature-(23 AE 2 C) and humidity-(55 AE 10%) controlled room under a 12-h light/dark cycle, and were fed on a commercial diet (Japan Clea Corp., Japan) for one week. The 21 mice were randomly assigned to three groups (n ¼ 7) and fed on a normal diet (ND), a high-fat diet (HFD), or the 1% PJET-supplemented highfat diet (HFD þ EE) for 3 weeks. Each diet was given in the solid form. The food intake and body weight were monitored each day. Food intake amount was measured by the weight of the gage for each group, so a statistical analysis of the food intake was not done. Cell viability was measured by a WST-1 assay kit. The absorbance was measured at 450 nm (690 nm reference) with a Spectra Max M5 plate recorder (Molecular Devices Co.) to determine the formazan concentration. Table 2 . The nutritional values for HFD þ EE were the same as those for HFD in energy, carbohydrate, fat, protein, and fiber. At the end of the feeding period, the mice were anesthetized with diethyl ether after a 16-h fast. All blood was drawn and heparin treated, and a liver mesenteric fat pad and epididymal fat pad were removed and weighed. The experiment was reviewed and approved by the Animal Care and Use Committee of Akita Research Institute of Food and Brewing.
Biochemical analysis. The plasma concentration of triglyceride, total cholesterol, HDL-cholesterol, glutamic oxaloacetic transaminase (GOT), glutamine pyruvic transaminase (GPT), and glucose were determined enzymatically by using the Dry Chem system (Fuji Film Corp., Japan).
Statistical analysis. Each value is presented as the mean and standard deviation (SD). One-way ANOVA followed by the Dunnett post hoc test (Figs. 2 and 3 and Table 3 ) and Student's t-test (Fig. 4) were used to evaluate the differences among the groups studied. GraphPad Prism 5.0-J (MDF Co., Tokyo, Japan) was used to analyze all data. Probability values of p < 0:05 were considered as significant.
Results
PJET and PJHW showed very little cytotoxicity to the adipocytes Before examining if PJHW and PJET had an antiobesity effect on mice adipocytes, we examined the cyotoxicity of these extracts towards the 3T3-L1 cell line. PJHW and PJET showed very little cytotoxicity (Fig. 1) , so these extracts were confirmed not to be harmful to the 3T3-L1 cell line.
PJET suppressed the intracellular lipid accumulation
Microscopic observation revealed many intracellular lipid droplets in 3T3-L1 cells that had been cultivated with the vehicles (Fig. 2A ) as well as with PJHW at 10 mg/ml. PJET at 5 mg/ml (Fig. 2B) , and 10 mg/ml (Fig. 2C) suppressed the differentiation of 3T3-L1 cells, and the amount of oil red O dye indicated that the intracellular lipid droplets had markedly decreased (Fig. 2D) .
PJET decreased the GPDH activity in 3T3-L1 adipocytes
The cytosolic enzyme, GPDH, has an important role in the conversion of glycerol to triglyceride. GPDH is therefore a marker of late adipocyte diffentiation.
11) The effects of the P. japonicus extract on GPDH in 3T3-L1 adipocytes are shown in Fig. 3 . PJET at 5 mg/ml and 10 mg/ml significantly decreased the GPDH activity as well as genestein could at 10 mM. On the other hand, PJHW did not exhibit any inhibitory effect. These results suggest that PJET had a suppressive effect on murine adipocyte differentiation, whereas PJHW had none.
PJET inhibited adipogenesis in 3T3-L1 murine adipocytes
The complex sequence of preadipocyte differentiation is initially triggered by transcription factor-activated signaling pathways. 12) Three transcription factors are directly involved in adipogenesis: PPAR, the C/EBP family (C/EBP, C/EBP, and C/EBP) and adipocyte determination and differentiation factor 1 (ADD1/ SREBP-1c). [13] [14] [15] The C/EBP family, PPAR family, and SREBP1c show early changes in gene expression during adipocyte differentiation. 12) We examined the effect of PJET on the gene expression of adipogenic transcription factors, adipogenic enzymes, and adipocytokines by quantitative real-time PCR. PJET at 5 mg/ml significantly attenuated the three adipogenetic transcription factors, C/EBP-, PPAR-, and SREBP-1c, at the mRNA levels (Fig. 4) . PJET also significantly suppressed the gene expression of fatty acid synthetase (FAS), but the gene expression of leptin was not changed. The results show that PJET inhibited the expression of adipogenic transcription factors, thereby suppressing the gene expression of FAS. 
Visceral fat accumulation of C57BL/6J mice was lowered by PJET consumption
The results of the experiment with diet-induced obesity-prone mice are shown in Table 3 . The addition of the P. japonicus extract to the high-fat diet did not affect food consumption. After feeding for 3 weeks, the average body weight gain in the normal diet (ND) group was 3:35 AE 0:81 g, 10:76 AE 2:24 g in the high-fat diet (HFD) group, and 5:31 AE 0:59 g in the HFD þ EE group. The final body weight of mice in the HFD þ EE group was significantly lower than that in the HFD group (16.4% lower). Compared with the HFD group, the HFD þ EE group had a lower body weight gain, and also lower weight of the mesenteric and epididymal fat pads. The liver weight was no different between the groups. Triglycerides, total cholesterol, HDL-cholesterol, and plasma glucose in the ND group were significantly lower than those in the HFD group, whereas the GPDH activity (% of control) *** *** *** Fig. 3 . Effect of the P. japonicus Extract on GPDH Activity. 3T3-L1 adipocytes were incubated in the maturation medium with the vehicle, PJHW or PJET, and harvested 4 d after the initiation of differentiation. GPDH activity extracted by sonication was measured spectrophotometrically by the change in absorbance at 340 nm of dihydroxyacetone phosphate. GPDH activity is expressed as mU/mg of protein, where 1 mU is the oxidation activity of 1 nM NADH/min. Each values is the mean AE SD (n ¼ 4). Asterisks indicate significant difference ( Ã p < 0:05, ÃÃ p < 0:01, ÃÃÃ p < 0:001) from the control.
hepatic enzymes, GOT or GPT, were no different, similar to the liver weight. There was only a short time in this experiment to identify any difference in the liver weight and hepatic enzyme activities between the ND and HFD groups. Total cholesterol and plasma glucose in the mice of the HFD þ EE group were significantly lower than in the HFD group, while plasma triglyceride, HDL-C, GOT, and GPT were no different between the HFD and HFD þ EE groups. Taken together, the consumption of PJET reduced the body weight gain, suppressed visceral fat accumulation, and ameliorated cholesterol concentration in the plasma when testing the high-fat diet-induced obesity-prone C57BL/6J mice.
Discussion
Flower buds of P. japonicus, which are cultivated as a culinary vegetable in Eastern Asia, contain various phenolic compounds. Three quercetin glucosides and caffeic acid isolated from the flower buds of Japanese P. japonicus have been reported to have DPPH radicalscavenging activity. 10) Furofuran lignan isolated from the leaves of Japanese P. japonicus has been reported to show antioxidative and anti-seizure activity. 16) We found in the present study that PJET at 5 mg/ml and 10 mg/ml (final concentration) markedly suppressed 3T3-L1 adipocyte differentiation in the mice. On the other hand PJET at 10 mg/ml showed no decrease of cell viability. The 3T3-L1 cell line is widely used as a model for adipocyte differentiation and adipose biology, and this is the first report about the suppressive effect of P. japonicus on adipocyte differentiation. The examination on gene expression by quantative real-time PCR showed that this suppression was involved in the downregulation of three adipogenetic transcription factors, C/EBP-, PPAR-, and SREBP-1c at the in vitro level. These results are in common with the suppression of adipocyte differentiation by tea catechins accompanied by the down-reguration of PPAR-2 and C/EBP-. 6) The experiment using diet-induced obesity-prone C57BL/6J mice showed that, although there was no difference in the energy intake between the HFD group and HFD þ EE group, PJET consumption reduced the body weight gain and visceral fat accumulation, and ameliorated the plasma cholesterol concentration. Although a detailed examination was not conducted, an increase in the energy expenditure such as that reported for quercetin 17) and tea catechins, 18) or in the absorption of energy such as that reported for saponins from Platycodi Radix Ameliorate 19) are inferred as the reason for this. The most important question raised from our findings is what is the active element in PJET inducing the anti-obesity effect. Phenolic compounds are widely present in the plant kingdom, and evidence for phenolic compounds having a beneficial effect in fighting obesity is increasingly being reported in scientific literature. 20) Boschoff 21) has discussed quercetin as a candidate for preventing obesity-related diseases. The antioxidative activity of phenolic acids has been reported to be associated with the induction of apoptosis, 2) the inhibitory effect on proliferation, 22) and the inhibition of adipogenesis in 3T3-L1 adipocytes. 3) With reference to the results of these studies, we hypothesize that such antioxidative phenolic compounds as querucetin glucosides, caffeic acid, and lignans present in P. japonicus 10) may have an anti-obesity effect at least partially, although this anti-obesity effect has not yet been studied in detail. Another candidate is sesquiterpene, a peculiar cytotoxic element in P. japonicus 23, 24) which may bring about very minor cytotoxity to PJET. Further study is needed to identify the anti-obesity element in PJET, and we are now focused on this.
In conclusion, PJET suppressed 3T3-L1 preadipocyte differentiation by down-regulation of three adipogenetic transcription factors and lowering the visceral fat accumulation in diet-induced obesity-prone mice. These results suggest that the culinary vegetable, P. japonicus, is a beneficial natural material which having an antiobesity effect.
